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This invention r*>ia)-«« 

acyZation processes. The i^en* on 1 a °" 

Particular reference to the use " " b9 a «C"f3 »ith 
-TLt. antibiotics and te ! " e " SymeS to de " 

. b.tw.ot« ,t ructur . i„=r: ursor raateriais hawn « 

* ^rtant ae^r 

1CS of tfte Penicillin group. 

Backgr ound of the Tn...,^, 

It is known that S-aminopenicill^ni „ 
Prepared fro ra p reMttot6 , eu J ^."l™ "* 

chemical method has sevpr.i ^- ' * The 

complicate* control of the re!!,! and 
solvents for carrying out tb! aM U " ° f °<9anic 

all of w „ ich resul L c" ;!"^^"" 5 ~-itio-.. 

process. The preferred .1^ e "«9y-<=onsu ni „ 3 
en^atic .otiT^^" " """^ the 
-arti„ g matettaas , IT^lllZ S ^"^^^ 
9ive the 6- flP& product. This^s ! " '""""a <=o 

rapid process, since i ^1,,™ «- -re 

produces a purer product than thl 1 ^° C " S ""^ 
Present, therefore, the ensvlt " 
-re favoured. «l£T.TTbT PC ° Ce6S *" industri * 1 ^ 
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The penicillin acylas* 

of certain »icrc!o"" °' " ««- ~ »»ole 

activity. Examples of sue! *? n " lllln »<=yl"« of high 

— 9637 , rr^tr:: ace 

ssasisrioH atcc i4s'JI77ft.^ ttaS£i aTCC 9250 ' fiiSiiiHS 

Products thus ootain^d w \ r e TV™ °* 
production .as Mil^hi! ■ """^ the °°" ° f 

jr «sea was also of low stability. 

To obviate the foregoing difficulties raU ch ef*o- K as 
been ,nade to develop satisfactory ixnmobili^a en^I^ 
systems to obtain insoluhi* „ l " a *™y™* 

the de-acylation x) ^ 0lUble / n2 ^ e6 can be recycled in 

Processeff^r S *** * iCh h * Ve stability, 

recesses for the preparation of immobilized 

described in several patent specifications / 

Patent « 3 , 536 , 587? 3,3^^,;^^ T^ZZSZ' ^ 

3 ; ; -:"i 8 5 0 2? !' 6 :°' 9oo? 3^,- ' 

tVt/I 3r95 7/ 580; British Patent No S . 1, 2 24 947- 

accotain/:: 1 ^^: ^.t^r*,™!,? p r uetion •* 

Gertan Patent No. 2.345,186. 3 ' 925 ' 1 " «>« 3,953,291, 
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Baoeng . 15:13). " — ' Biotechnm_ 

■2.21B>53^: ~" 2 ' 21S ' S12 > 2.215, S0Sl 2,215,687 Md 

(a) entrappment or inclusion of th* 
hydrophilic gel lattice which 6n2 ^ e "thin a 

the substrate and stains the enzyme but allows 

uostrate and product to pass through such as 
POlyacrylanude, nitrocellulose (chibata t L 
(1980); Shuydas et al o lo . M <~" bat:a ' ^ Enzyme Eng. 5;39 
jr » ^oenq. Khim , 3:546 (1977) J. 

-b iliMa pen tclllin acyl!>se now ^ 

111 processes f or me 

industry pre paIati o„ of 6 _ ApA (KarJbut 

It has now bean found that the use of certain 

r"*" ~»«t«.. to * SPeclfied 9 :i bl 

proves properties. . S p 9= i ally stabiUty and , 

result the aVar V i a ^v strength. As a 
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characterised in that t J of " * ^ 

a mixture thereof. *he g J " * a9 * r08e ' C3rra ^en a n, or 
WmDTdOy cross-linked e.g. with HlmJ^l V* »«*»«tic activity is 
Convenient tije " 

beads. other aspects of tM.T " f ° rra of 

the appended cl aims . invention are indicated in 

The present invent* ^r, =i 

above, especially a proce . s »«t.rz«l as described 

usii.9 iraio Ml i Z ed penicillin . , preparatl °" <* 6-apa by 

M ™ us.a i. „ hl9h strength anVsTabLT l ~ bllt "'' 
«*. If used In a o 00t i M o, s pro a " 'f «S»el.bi.. 

life, ra pia c ataly tic action Lex K iae c,;l a US * bl * 
»~*i ng te»per atare , conveniently ZZllZl *" 
contamination, easy i so i * scrollable 

continuous process enables the process to L 

rapidly and eff iciently carried ° "»othIy. 

product. carrxed out, producing high purity 

The enzymatic process reouir** 

of bacteria havi na ~h7^ f SPS " S Khioh « "rain 

—in can ^1^1 " 

containing „.« of g iL S9 * *" * " int ™» -«*"» 
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The Present process i i 
«•*«» *ubst an ce B such as e ntrappment 

«« carrageenan. SuttaWe " « of agarose 

-th « im»ob« isin3 te»°« at "!°" ° f «» *«- » to 30, 

... »ade lnt0 ^JTy a l: £ J ram 40 " T h . 
ii Bur. J. Ap p l.Mi crobi ./ * '""-Pfase systelD ( BUs 

*.«• *aPPacarra 3 eenan is used h ,1983, In 

teats produced b Dro „, 5 3 °* at «-45°c, an<3 C8ll 

"« °£ a mature of " " Un «P e «^ that the 

strength of gel than norJllTobt, Produces higher 

is about 3-4, (K/V) of L t0tal 
P- f errea ratio ot L^lll"^™ a9aI ° Se ' «« 
*-»-»i.^,etc. The cells f J-0 or 

treated „ith a glut ' ' . beads ° b t al „ea are then 
o«nee„tr a tio„, L^^..^"" 0 - « ^ - 0., „olar 
eth y ie„eaia Bi „e of o\ TT , 

«!-«„ per scuar. centime fA "- 7 ' « nd 
-«eu« of oarrageenan and agarose ""•»•««■ «- 

I«u»obili„d pe„ici llin ^ f '^tively. 
"ability, can be stored i» of a vscy M 

e-yatic activity. optil K Klth ° Ut lMin « ltB 

«» three l^ohixLea ^ yZe ::l"° nS f °' "«« - 

«t a pa between 6.5 toTn 
=«a ly tic .ction of the £ ° P """"" "Mature for 

the range of pH- E tabil ity iTTt".lT. " *° "* 

The present process for o„„„ • 
soluble sodium or pot asslm ^T" 9 ^ * »«er- 

PeniciUU, v comprises <*. P*»icilii n G or 

into a.fru^j!:; 91 ; 9 ^ 1 --"-- 

oea reactor. This • 

AD1S technique has 



hitherto not been us^tf ^ 

«uidizati on is that the gel k':,. aa <"»"=9a of 
Lading to rapid mlxl ^ J! \ ^ "°^^y in motion, 

beads and sobatrat " a l h C> I C ° ntSCt *"» b " Me « -1 
~ P tion ana tU^*^'^™" 

SUb "" te as well is the pr °: d C ;".° f fl °" ths 

3 - w. i9Dt nay ba naea . :; e \°L ( :r itrn^Ltr 

carrageenaTa^. =a«.geenan or a nature of 

carrageenan and agarose in a ratio of 2.5 to 1 5* w. 

immobilised cell beads w. . .. hB 

, *-'- L °aaas have a strength of l.o to 5 o * in 2 
*9/cs, 2. when tnia hlgh act imroblliMd l° S - ° * 10 

I"' ° f i-P-iciUanio acid . 

designed to operate under a flu.idi.ed condition in a 
temperature range of fro. 25 to 35 °c and the p B £ 
controlled to ba wit hin a range of 7 . S to ^ ylela Q£ 

6-aminopenicillan!« .~<d •= Yieia of 

whether th. f . . 3 han 90 *' regardless of 

whether the awbui^ oalls ba of g^^^ 

9637 or Proteus rattgeri ATCC 93°!r> n 7^~ " 

(brownish red) " ins act iv^T « iEateus rettgeri sps-s 

- activity of penicillin acylase is 

between 2 5 to 30 units per 9raa . e oalls , „, J^J 13 
per gra™,e gel (d ry, weight,. Iaonobili „ a an2ynas of the 

- substrate concentl^sel ^^1^^ 

immobUised oan te stotea „ 4 o c ^ 

ensymatic activity for 12 ^nths, and at 25 - 30°C for 1 2 
»onths with about 2 0* loS s o £ activity. Th e ca aly ti c 
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action of fc he en2yjne . s 

7 ' 5 to 9. Good hydrolyais "I ****** * n * PH range of fr0ni 

°— « . high y -.^ 5 s rr; o ^;- -«» De 

The quantity of the * m «„^-,. 

Mor..ctor used for reaction L " ° f the 

constant value within the * * to a 

ammonium hydroxide. verv 7 ' 6 ~ B ' 6 "*th 10 molar 

aurin* the reaction. ^ ° f is evolved 

higher win be obtained . f a ll y ' 3 COn ^rsion rate of 90. and 

Potassium salt of penici liin c "°" ^ ' 5% ° f 3 S ° di ™ ~ 

Pemcilixn G or penicillin v is used. 

Isolation by cry S talli sation of fi am4 

acid obtained ca„ be effected Z , »<*»«ctli.„ lc 

(isoelectric p H ) with 7 i«S the P H to 4.2 

witn 6fl HC1 or 6N n C2n ^ . , 

be achieved by addition of n,ethan!l • 4 * * 

»tio of i..i or 1;2 W Mch piai:: t ;: 

the temperature is r.to M \J^^™^**" 

used is recoverable by distill at L n ' Methan ° J 

Immobilized penicillin acylase r>* 
can be used i„ the con ,' Y ° f tbe ? resen t invention 

xn cne continuous process for <-v^ 
6-an.inopenicilianic aciri * 6 P re Par a tioc of 

or less Coc eaeh batch ^ workl »9 « * Periofl of 6 hours 

-■ Xattple 1 of «-oMii«, p., lolMln 

"cylase from cell, of a. coll ATCC 9637 i„ 

agarose gel. 

in a 5-litre fermenter, culture E . coli atcc 9637 < n 
minimum medium aceordina to * 7 — " ln a 

obtain a 7T^io= lt ; o £ 0 " ' • """^^ tbe ceils 

wash tto MZ1 . twlce f 0 " 8 ' 1 15 « 4»c. 

(normal Sa i ine) h h,„ • !■ eWorld, solution 

!| ' then mobilise tha cells tn agarose. 



Agarose powder i s dissolved to ™ 
appropriate concentration (3 1 " S ° 1Uti ° n ° f « 

"lotion at 216 o c * (3 5 9% ^rose) . H eat the 



-ianf. An equai^^"* "-butv, 5 °° C ° VSr a of one 

«»C, agitation is eonti Jd 'T^; *' *' 

formed, cool the mi^re rap^fo^ " ^ 
immobilised (enzyme) cells - k 91VS 
water at a temper" L ^ ^ ZlTc^ ^ "** 
obtained are stored in cold no^Il s ali ^ ^ 

penicillin gcylase , contained Ttnl cerr 

9637, is reacted with 0-0 3 1 , ~ ^ ATCC 

Sh ake well at 20 o \ \ ^ ^I^T"^ 

shaken with 0-0 3 molar h i "action mixture is 

Jl he «"»ethylenedi amine at 4°c for ™ 

7 M " ^ ^ penicillin acylase is then washed 3 
~ 5 times with distilled water. "ashed 3 



M-nple^ Preparation of immobilized penicillin 

acylase from cells of E_ coli ATCC 9637 i n 



carrageenan. 



Prepare cells of e. coli ATCC 9fi^v =>« • ~ 

method of Example 1 The =>„~.. • 

p 1116 appropriate concentration cf * 

solution i„ place oE cold ^ J" 3 J"".**— *» oworta. 
th. sa»a manner as ln E5tajtple be J °« « 

prepared m agarose gel. y 56 



8 



acylase f rojn Cells of E f 6nic ^n 

fixture of car r aa . ATCC 9637 i« a 

arrageer,an agarose gel. 

Prepare cells of 5? • , 

ce las are ^ ^ « : a ^ c v" 7 aa *» — 1. 

«d a g aro sa by the « ■ «*tura of K-carr a99enin 

— rrag e enan to e gar<)Sa is v;?: p r and 2 - Ths tati » °* 

9.1 baad* ob t.i ne<3 thraa ^ ; J ; 5 « 2 "« WW . wash the 
chloride sol ut ion . seactlons vlth 0 i n T E, ° taS6i ™ 

as above. G al baads obtain.- " Che * ane 

^ ootained are of twin* t-v,^ 

«wt obtained in Example 2. the strength of 

Figure 1 shows comparison of the strenof-h ^ 
obtained from inH»obil ization in • t ™«9tb of g e i beads 

mixture of agarose and v a 9ar 0se , K-car rageenan and a 

ot io% (W/V) concentration are used. 

Agarose gel {5% 

K-carrageenan (2>5% K/V) 

K-carrageenan/agarose (2.5*1.5 w/V) 
Apparatus and Ex periment 

Reactor is of a cylindrical form „uk ^ 
shown in Table 1 ma * m ' lth dllDensio "S as 

i-o b i lized cel i: 7Jn °t xigla3 or stainiess ^ 

-actor to act as ^Tyll ™ ^ 
- into 6 - APA . Pen icill L /soX^Lrr"' 011 * 
diaphrag* puinp from „ ^L'e fca ° " ~ • 
bottoxn part of the reactor T his , " the 
of inunobili Z ed celi s ^1 f ^ thr °^ h the 

condition by tbT ^ ^ iS in 3 """Led 

ACion °y t«e compressed ai'r . L 

Part of the IMCt „ f " tl, ""' 9h the ^tto^ost 

Penicillin G solution • 9 ° USh the bed ' 



provided along the height or thl " Z Samplln 9 are 

— „ ation of the ;:;r; r :i:;: ioai °" 

Table l, Detalls of fluiairlng Reactor 



Dimensions 



Diameter of reactor (A) 
Diameter of head (B> 
Height of head < C ) 
Height of cone ( D ) 
Height of reactor (B) 
Height of air feed (F) 



1-litre 

(vaa), 



52 
99 
150 
20 
600 
100 



6-litre 
(mm) 



90 
150 
150 

40 
775 
110 



Material 



Plexiglas 
or 

Stainless Steel 



Example 4 



Rate of production of 6-APA in 1-litre 
fluidizing reactor in batch operation. 



250 graces of W,biii 2ed cell, is charged into tfae 
reactor simultaneously with the addition of penicillin G 
solution 0 f 8.0* by weighfc , in which tfte ,J ci ^^ 

TTTTJI n\°* 05 ^ SOiUti ° n ° f * ^ h * te of 
PH 7.5 and 2.0% weight of KC1, to mafce 1 i itre . Air ls M 

at an average rate of 1.35 litre per minute to create a 
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"uidized condition within 

«P«rim.„t, the pB o£ r Ceaotor - the 

Bitnl „ the range o y 7 ea0tl °" is a a jus t e a to 

*nmom m hypoxia*. and th9 l""*' 5 " th " *°i*r .„ JntiM 

Products lB 16 ni cro.oL /a T.L ,t ° *** " te « 



^EEi^ C 0ntlnuons prodU0Uon 

nuidizang reactor. " 

250 grammes of immobilized <^n D • 
litre flu it3ii!ing reactor. ^20** " lnto * 1 ~ 

«* 180 *ill ilitr J per ^ C nt — 1 7 fed at a rate 

°^ at . rate of T 2 llt ' ne ° USly With the feed - 9 

reaction to proce J ^ lltr6S Per Alio* the 

^ toceed contmouslv with™*. ~ 
during the experiment which it 7 Controi ^ng the pH 

ine experiment shows that- +-v,~ 
an equilibrium state on * «*«t the reaction enters 

Producing 6-APA at „ C * nd is c ^hle of 

y o «pa at a concentration of ?a 
mxcro.nole/iniiiuit^ throughcut ^ °* 30 

The state of equilibria r ° f 120 hou "' 

remains constant at 6 T/ ^n ged and the p B 

^onstrates that th."^ 7^ e ** erinie «fc> which 

— ana ^ £. ? ~ o£ — * - 

yield a, shown ln Flg _ 4 _ ea "»*■» 9« es a hl3h av9cage 



2-»Ei*_«i. continue Pt „d uction of 

fin -i ^ _ in o— litre 
tiuidizmg reactor 



^ 5 oo g t » es of imiobili2ed 

ixtre fluidi zing reactor. An 8 M h ^ ±nt ° 3 6 " 

PeMcillin g i„ 0 . 05 molar 1 ! 7 St>luti ™ of 

molar phosphate buffer solution of pH 
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7 -5 and 2S by weight of Kcl «= 

—«g. rate of 50fl nillilitr ^ *- at an 

»ith the feeding of atr at a „ " Per hour ' s i»«"a„eousl y 

Penicillin G to 6-ju* oo»«„ , "action of 

controlled at 7 . 0 -T. S TiTTT/ ^ «» « 

as t*. anient t„ P erat„re ( ca 32 "TT' ^ — 

obtained in a gulntl • c > ' A 6-AFA solution is 

an equivalent of Mr / t 1" ""«-*«/MlHMtr., .hio ls 
n-Bujr a ce':a P te 8 i° n ,lti0n "» ~ °C 

p H is aa.uste, to a ™ ; : : 5 r H :r r r ic 3tirrin5 - The 

a^onia solution over a period " s^.""" 'V"' "* 

the product ^ vacuum f „ 3 houcs _ 3 h ° u "- ^ Iter and dry 

With the fluidi 2in3 technique combined „ lt h „„h 
operation, the yield of e-^ ls as foll ^ =°«""°u= 



Recovery 58% 
Purity of 6-APA 98 % 



**°m*J± Kate of production of ^ in 6 _ lltr . 

ttuxdiMn, reactor in batch operation. 

1.2S0 grammes of immobilised cells i« „i, 
reactor simultaneously with th . B /^t h " Sed into **• 

solution of 6, by weight ^„ k- ! \ P<snio ""° « 

dissolved in a ooTZ, «* ntclll i» a is 

«- at an averLr^t. !f *' 6 *lr 1. 

to create a flui«zed " d t 6 '°~ S - 5 P " 

p B * the «ac t "r:L:: e 1 ::^^^"! the 

»n 9 e of . 7 . 5 Bith u J£^£ ^tT 1 * - 
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solution, and the teictl 

shown m Pi g . 6> co a 90% conversion as 

The 6-APA solution i « 
ace tafo ,^ on ls ^en cooled to 2-4 <V 

-eetat. an an amount equal to a half e - 1 ' n ~ 8uty:i 

6-apa solution is added wifch ener h o al f.° f the quantity of the 

to 4.2 with 25% an^oni* solution ** brou * ht 

white o W *.~ Ut ;^jr! lod - 3 hours, 
vacuum for 3 hours. obtained, and dry i„ 

With the fluidi 2ation tecbnique and 

esults after cr ys taHisatio n operation, 
jracaxaisation are as follows: 



the resu 



Recovery 6 ^ Q% 

Purity of 6-APA 98 . 5% 

seal.. enlarsed 6-li tre 

conditions: " der the Allowing 



Experimental conditions 



Size of fluidized- 
bed reactor 



1-litre 6-litre 
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Quantity of immobilize cells 
(gramme) 

Concentration of penicillin 6 W 1 ' 350 

solution (%) 

^te of fe eding of peniciliin G 6 6 

solution (ml/hr) 
Rate of feeding of air 

(litre/minute) 
PH of solution _ 1 * 35 7 - 

Temperature (°C) 



40 



220 



•0-7.5 7.0-7. 



30 



30 



rn this experiment, the yield from 
Production c y w * rom a continuous 

production of 6-aminopenicillinic acid through -h 
immobilise* cells in a l-i itre tl M ^UT r t °* 
compared with the yield fro™ » ^ lze ^ b ^ reactor is 
litre reactor under the llZ * Pr ° dUCtion • 

« * weight ~r^^ — 
of the reaction solution i s - 3 a^^L^:4! 
of 7.0-7.S, room traperature ana _»„,„.. „ . ™" 9e 

cell, ta the and "1 

graces, t. weMwl . , hs 250 and 1 ' 3S « 

and 7.5 lltre/talnnte for the l- lit °' !!! ! °f 

It baB ^ £o »„a " . I, " Cea " 0rs 
reaction and viela= -,<= * ■ *&*imm rates of 

- - ^ jr^j^rrisr^ 1 - - *- 

in both cases are 13* ™* , eQ ^al- 2he maximum yields 

es are 135 micromole per mill i t -J *-,-«=> 
Fig. 7. V »i.nxiitre as shown in 



(Brief description of the dr 



awing s) 



ZlS*£!LA± influence of 0.1 molar glutarai a*h„- 
and concentration of hexa.ethylenedilt^ o ^ ^ 
Penicillin ac.lase and strength of ge^ beads: ^ °' 
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(c) 



(a) 20% (w/v) e. coii AT , 

of agaro^Y* * 37 1 « by 5% 

10% rw/v) B . coli ' c 

10* (W/V) E. C oli A „ ' 

™«. « 2.3.1.5, a9ar ° 3e ^ 8 

Figure 2 s Details an* 

iSifr, ^;:: c :„: f « - runction of 

production of »-«.i«op.»tctlW 0 ^ """-continuous 
"actor at 25 and 30 ? c " " in a ««i<"«d-b.d 

«' i- 1.35 i/„in, ^ coatcolled <* *-«n 9 « 

.it* io M01ar Mi „, ^j::"- »« 7.0 - 

F igure 4 j, Continuoas production of « 

in . 1-ntr. fluidi*ed!bed or *— ^^"-ic acid 
of i-c UlisM celle o£ Srot : u a "° r t ° , ' er . 120 *>«« "itb ISO , 
concentration of Mnlci ,,. _ EESSfi SPS-6, using 2 . 08 

of a lr feeding is 3-2 I/mijl _ 
Sn7ctff n ^""r 8 " on the function of 

Production o£ 6-aainopenicm* " a »<"-=<"'" -ous 
rector at 25 and 30 ^" ^ " 3 bed 

penicillin e 25 o „ , ' S " 9 M °<">«»t"tio„ o£ 
feeding u 1 35 Li *-? M "— «te of « tt 

7.0-7.5 „i th io LI r ' a i a '? «»*"«- -thin the ranoe „ f 

"o^-* ammonium hydroxide. 

cor under the conditions of Example 5. 
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£*3Sre_7r comparison betWeen productions 
*"v^cnxcnianic acid wf^h •? ^ • -, . 

rhs concentrate L ^Sln"."- ^ 

1.350 g of Mobilized ce l ls if ! reaCt ° r 

P* i. controH.a uitl)i „ J ^» G » 22 „ ^ 
molar ammonium hydroxid*. " lth 10 
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CLAIMS 



What we claim -is : 



!• An immobilized material h a „*„ 

MtrjlBn ., . acer ial having enzymatic activity 

entrapped in a ael ma*-»-i v u * 

31 ma trxx f characterised in fk a( . *. u 
is of agarose, cattaoeen^ . * the gel 

carrageenan, or a mixture thereof. 

the gel 1S cr OS ,. linkea „ lth 9lutacaldeiyde / Vh " el " 

4. An immobilized mat . rlal acoorti 

in the form of beads. 1,n 2 ' or 3 - 

= • An immobilized material according to any of claims , ,. 
4, wherein tha gal =ontains fc<>m 3 J 1 to 

agarose, or from 2.5 to 5, <„/„ of kap J/J°* 



• An immobilised material according to c la im , „„,„. . 
a mixture of carrageenan .„„ agarose in ~. """""^ 

- fro* i. 5:1 . s to 3:2> P „*^,.^? 0 \7^»» 



An immobilized materia! according to any of the 
comprises whole cells. 

An in,n.obiii zed roafcerial accerdlng fco clairo 

C ™ ^io„ of cells is froffl 5 to 30% 



10. An 1M ,obi li2 ed material according to any of c lsiaa , 

Elected fro. tha group consisting of „ J"* 1 ' 
ATCC S637 and ATCC Has, =rot.us r.^Z " raIns 

including strain ATCC 149 45. 

T IZTJ^T " aterial accorains to «* ° f 1 to 

7, wherein the enzymatic mater i m • 

jr^t-ic material comprises a cell- 
free extract. 



12. 



A process for xmmobi lizing enzymatic material in a gel 

WMch ^rt ses entrapping the material in a g el 
of agarose, carrageenan, or a mixture threof 



13, 



A process according to claim 12, wherein afte, 
entrapment of the enzymatic material the gel is cross- 
linked with glutaraldehyede. 



14. 



15. 



A process according to claim 13, wherein the gel i 
treated with 0.1-0.3 molar glu tar aldehyde. 

A process according to clai* 13 or 14, wherein the 

cross-linked gel is treated with a diami™ . 

, txz a axamine such as 

hexamethylene diamine. 

16. A Process according to claim 15, wherein the cross _ 
linked gel is treated wilth 0.1-0.3 molar 
hexamethylene diamine. 



17. 



18. 



An enzymatic de-acylation process characterised by the 
use of an immobilized material according to any of 
claims 1 to 11. 

A process according to claim 17, in which the material 
is used in a fluidized condition. 



-ft- 



«. A process according to claim 17 or la 

continuous process. ' VhlCh is * 

20. A process according to cUini 17 " or 

Preparation of * . ' for the 

21. A process according to claim 20 , wher ei» th. 
penicillin is a water-soluble fo« T 
Penicillin V such as a sodi Penicillin G or 

c« as a sodium or potassium salt. 

22. A bioreactor having a cyli ndrical sh 

capacity of from 1 i itr , to 3G0 litre f ' 4 ^ 

diameter-to-height „Hr, • * ' where " the 

ignt r atio is from 1:8 to 1-is 
comprising substrate feeding ^ ^-15,.and 
said reactor air . " ,6ans at <*• lower part of 

Press.le " I I ^ ™" f " «i* under 

upper part of L Wern, ° 5t ° f the > ^ 

- -iX^Lr^L^r of said r ™> 

t means for the product and air. 

23. a process for the preparation c 

acid, which compriLf^! , 0Penicill anic 

prises reacting immobilized oenir.fi 
acylase either as f cee penicillin * , Pe»MXllxn 

having penicillin -eylJT^i! "* CSllB 

P-icilXin acylase being ^1 

by a method according t! * ! ° f ""^ * re P*" d 

substrate contra * 12 t0 16 ' » ith * 

« or V , in rbiorel " ^^o^ 1 * Sait of penicillin 

air distributor. enterxng through an 

24. A process according to claim 23, wherein , 

containing immobili 2ed penicillin * T *™ 

t^niciiiiti acylase haas s 
capacity of f r0lD 1 to 30O litres. 



25. A process according to claim 23 or 24, wherein the 
quantity of immobilized penicillin acylase used in the 
column of the f luidized-bed reactor is from 1/4 to 1/2 
of the volume of the column used. 

26. A process according to claim 23 , 24, or 25, wherein 
the fluidizing air fed into said reactor column has a 
rate of flow of from 60 1/hr to 360 1/hr at a 
pressure of l.o kg/cm 2 and a temperature of from 30 to 
40 °C. 

27- A process according to any of claims 23 to 26 r which is 
a batch process. 

28. A process according to any of claims 23 to 26 , which is 
a continuous process. 

29. A process according to claim 28 r wherein the solution 
of the penicillin compound is continuously fed at a 
feeding rate of from 80 to 25,000 ml/hr. 

30. A process according to any of claims 23 to 29, wherein 
the reaction occurs at a temperature from 25 to 40 °C r 
a pH value of from 7.5 to 8.6, without accumulation of 
heat in the system when the cells of Proteus rettgeri 
and E, coli are used. 

31. A process according to any of claims 23 to 30, wherein 
the quantity of said beads of immobilized penicillin 
acylase contained in said f luidized-bed reactor is from 
1/4 to 1/2 of the volume of said column used. 

32. A process according to any of claims 23 to 31 f wherein 
the reaction is continuous or non-continuous in the 
same reactor* 
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